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Gu TR CRAR DRSS TR S 1R CPU SR IR (117 ik
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fRak R RS AT R

“Herb Sutter, “The free lunch is over: a fundamental turn toward concurrency in software,” Dr.

Dobb’ s Journal, March 2005.

“Herb Sutter and James Larus, “Software and the concurrency revolution, ” ACM Queue, Vol. 3, No.

7, September 2005.

FFATRER AT 2 AR PRI, Do B R AR AR 5 s IR KRR A 1Y
bug PR W RESTVE L. BAESREPIE SO “ e, Ji2 T RRk
AT, TIAAUE “JLT-BA B AR ™ TS H Rehg n
FEIBATINIFATRE, R IS G UL B E RN T o Al BORBUFTRE P &
PAEATEATAIR AR IFAT O RO S JEHGE AR Dy 1. JFATRE
PP R EAR T 55 . 1K — RS = 2.

“This turn of phrase is due to Tony Hoare.
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RIXTOFHARE BN IR Ar . 298, BAFEFSAAAABIFAET Ry, (BRI IF 540
felrb A NBE0 A0 (R ) UARS T KR se HLA NSk IN b o

24.1  —/AHERAFIF: BITKF,
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AN B A NP AURTE, (HE 0 o B A, DR AT S e =
PR TE b, SRS G, Haskell 458555 WAPKE 2 451X AN 1] 50
A IR TT 58 o ANRE LTI 2 LR FRA TS R A S [l — AR G 7 2

24. 1.1 IBiRERITIR

BT, HTWRIE R FEARVEBNA AR 72— TP R E S
BSOS B ARSI, B B synchronized JVARSERK,
R H 5 20 B (R B R 2 —FE I . ZERXFE— 1B S, FRATAT LU AT IR - 26
JE SUR T T FF

class Account {
Int balance;
synchronized void withdraw( Int n ) {
balance = balance — n; }
void deposit( Int n ) {
withdraw( —n ); }

}

withdraw J5 5042042 synchronized ), IXAEPHANELFE A I IH F e 1 IHE A A4
& balance Jil(E T synchronized JEBES IR A S5 [R] TS0 60 24 1 i 7 6 40
B, SRJGIZAT withdraw J5i%, H5eJa XS 24 R0 0K 7% 5 M o

HTIEANRLZG, BATHKmS transfer ¥ K& %L

void transfer ( Account from, Account to, Int amount ) {
from. withdraw( amount ) ;
to. deposit ( amount ); }

YT AR KRR DL EARS 5E W ), SRR RIS A —FE T, i —
MNEFEN BE ST B KRR R EPRES” o BMRA—NK P WAEGE T, 1t [
I 5 — AN P HIE B BIX B . HfEERZ, B8 withdraw il deposit X
P BREAR & synchronized, {HIX PP AL 2 L. £F from FiffH withdraw
20 from AN, PATTRERE, REXT M. RRIK, 75 to B deposit
20 to B, PATAEIERAE, REX M. AR, OSBRI AN 2 (7]
BB, EXANIRES AR K P B REATE from K HRHHIATE to Ik,

FE— AR, XRME O] BE R TSR AL o IRIRA A T R A )
We? T 7 5l e AE A R JZ A I B iR, k.

void transfer ( Account from, Account to, Int amount ) {
from. lock () ; to. lock() :
from. withdraw( amount ) ;
to. deposit ( amount ) ;
from. unlock () ; to.unlock() }



§ zaumn SUEBREB—SEE S

(ERXP R — DB B Bl Re S BB JATH BRI RO 1E
—ANERRER BN A TR BB B KT BRI, ) AN EREBIE AR 2B ER N B
WP R AR CERAR, RASKFRFR LR AN o IXIE R RS LA 2k
FEA BN I AR S0 R I8 — K RIS D

RS R T O, FFARIAET N 1 ) ] AN SR RIX A% B i Re gk LR IFD
PRUERIAR R TT S RE — A4 R GE— B, I 42 IR 8 Iy SR BEAT I . R
FIZ P R A SRS T

if from < to
then { from. lock(); to.lock(); }
else { to.lock(); from. lock(); }

XA TF R RTAT 0, AT P A2 06 25 5 50 S0 T R Lo A T N8, 1T JS T X AN 4
PEFFASZE BRS040, % from. withdraw [FSZE K P 480 AS AL I a2
M from2 E3EFK. BEBXFREHURIEE R FRATM from H3e T A WS IC L EnE
JEFEXS from2 B, TG — i, —HOZM from P T4k, HEE “IE
7 W AN AT RE T o BT From2 3X /N S A BEREAS s SUS % from A WL,
MANAE transfer FliE. 1M HIB—2 3, A transfer FIiE from2 FIAEAE, I
T BB C L AR T = (G0 Ed AR X e B E M) .

AT HREI, W R BAT T EAE LD N EHZE (block) , fHobmie MR 2.
B, ZEK transfer £ from WK™ A AN AL IRIIN R BELZE o 3K ) 0 5 1) fift ok
INERAE AR EARRy, JFRINPBEI from B8, (HERE—D, WIRIDK
2 from A1 from2 HH K] sk A BN (¥ I i BEL 2E Mg 2
24.1.2  “HE” 8
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B, LUBESRBE N w] B N BL SRR XM B BE R U By A, i L,
AT I AR PR E o

F AR MRBRIGURD 1R 8L, DR Ry B i 250 DRAT AR B R AR AN RERE 2R
GUET A EUN . BB R A O E RS T

ST M AT A R 0 1
B o)A AR A AT AR AR RS s MY B2 e SO B il B 4 AR

Ho

SR, FETB gL, SRR, AR T B 428 B AN SRR AL
Fio IXH “Bifbgmfs” RFelil bl & 2 A MRS KRR . T
BRI R AN B — 5o 2 ZERT I ] 1R e . B8R withdraw Al
deposit X PHAN T VEHR & I A A, (HUn RSB AS UG, VRAE BB H e
P —A> transfer KM ? RNEE, BRARIEBIPMSCRTR oM. i H.8 2% 5080 FH 2
(R IE £ Sk, Bldn, ¥ withdraw ZEIK ) RATAS LRS00 T 2 PHZE . PRt
SR, BRAFREEBAAE, SURRATCE HEAIH withdraw BREM “A TK -
o B KT CHU TN S A7 R s 4400 7 BEATHEE iy B gnis 7 8144,
FREA L BRI o 5 — B8 SR BT A X R R AR T ik .

" Edward A. Lee, “The problem with threads, “TEEE Computer, Vol. 39, No. 5, pp. 33 -42, May 2006
J. K. Ousterhout, “Why threads are a bad idea (for most purposes),” Invited Talk, USENIX Technical
Conference, January 1996; Tim Harris, Simon Marlow, Simon Peyton Jones, and Maurice Herlihy,
“Composable memory transactions,” ACM Symposium on Principles and Practice of Parallel

Programming (PPoPP ’05), June 2005.

24.2 BHHEFAE

ARG NAE (ST SR I R Pk i — PR A A& Bk, A6 414l
PIAAIX— 5. FRIEF] Haskell SRA43 STM, Haskell 23 W3t (1) 5 26 T (M S PR il
=, T H. ST™M Refed Mt b BN 3] Haskell Ho WISAREA T fif Haskell, %I
O, BFEDLY.

24.2.1 Haskell PHIEIYER (Side Effects) FFAN/Hid (1/0)

Haskell (] transfer pREE H iR IXFE:

transfer :: Account —> Account —> Int —> 10 ()
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— Transfer ~amount’ from account ' from to account  to
transfer from to amount = ...

CLEACRE I EE =47, BULL “—” JFkpiBtr, 2 — k. AR s —AT 25

transfer (BB AIW A CGRAIEIILL “: 7 775 ), “Account —> Account
—> Int —> 10 () 7 3524F “$2%— Account, JIl 5% —4> Account (P> Account,
AREFLIR PR P FEHARK D 5 PLR—A Int CEEIRINED , IRF[—A T0()
FUPME” « Fela— R CRIRMIZERD)  “T0() 7 B2 “transfer AR
Al E—DE (action) , XABMERIATIIN T e~ A RIER (side

effects) , FFRM[—A ()7 KAMPME” . “ )7 RUEAE “HI0 (unit) 7,
R ET —AAREE, BEECO) 7, AT C BIfK void, transfer
F 10 C) VEARMIZEA G T HATRE AR P I RIER 2 AT A transfer (fE—
JREE o B4, LE R N HT, FATT 20 S8 5N1E Haskell J& /84Xy
mIER .

CRETE S BATEE, WA ATEIRAN KA HHH A 7 B AR NAZE — M —— T S 4R
HIRFIZER 2 [8]? ) HSHXJE R Haskell SCREFTIEN currying, 5 & 7EAEM A4 Haskell [ CEbdn
Haskell: The Craft of Functional Programming, by S.J. Thompson [Addison-Wesley]) #&k wikipedia
HBREW BN EHIERE o H currying AEATEIFE AL VR LUBIRER T e Ja — N > " Z AT >,
RIBR T fm — DRI L SN, HARHR I s B S HR .

WABIVERIEAT 20 ? BIE 2 FATEE S A48 (mutable) ARZSPTIE B 52
(effect) o FA/%th2mIF Lyl Hlin, RifEM> Haskell p%L,
EATTHAS R A A/ A

hPutStr :: Handle —> String —> 10 ()
hGetLine :: Handle —> I0 String

AR “10 7 (b e mf oy (), W] DU AR, W1 String) 1
A ZE— D BE (action) o W RUl, 76 EIIMIHFH, (hPutStrh “hello” )
Se—ANENELL], PATEA SR IRCRE R AE AN h i “hello” ™o 284U,
(hGetLine h) W2 —8E, A EBHATIIMZ LS WA h AR A a5
AT ILAE— String iR[M]. JEAl, FIH Haskell (1) do JCHEF,
BATAT LU LA/ N BIE IR “REA 7 e—AN K. i, R
hEchoLine PRGN —AN B A5 & FT B H >k

“IE Haskell HLEHH —MRBURFME, RO RBLH TR SN SEOHSE —YIURAT T . fEREH
ES PR ER TS B hPutStr(h, “hello” ), {H Haskell B HEE R (hPutStr h “hello” )BT T

“Haskell FA0REA 24T C IR SCAERGE (file descriptor) : FEBANTHEAS S AT BT E . IR
Unix B A—#FF, Haskell HHEWINE X T =AAJ4K: stdin. stdout Fl stderrs

hEchoLine :: Handle —> I0 String
hEchoLine h = do { s <~ hGetLine h



www . china-pub.com

§ zaumn SUEBRLE—EED B 52 OB

- hPutStr h ("I just read: 7 ++ s ++ "\n”)
: return s }

do {a; 5 al&MRKEANBIIME Car-a) MidB—NERNEIME. Kt
7E BT ARS T, hEchoLine h IEXANBIERHAT I I g 2 5 46 H hGetLine h
K —ATHIN, JFB XTI AN so WA hPutStr, #5 s In LRjSH
“I just read: 7 "—JF4TEIHSK. FJoh s #Rl. o 47 return s LA
HER, KA return FARGAE A ay & 208 5 IR 218 5 W ER/E, g
— N Y PR, L PR R

CHRAERT AR FRAS B R R

return :: a —> 10 a

W2 v, B return v IXHE - DNRMEBIATIORAR, KR v, FRINIFAS
SEAEMREER Y. return BT LMER TAEM SR OME, X — mUAILE H R4
Fdrp: a2 ARV R, AURAEMTRAL.

Y107 R R A RECT R AIER, AFAMRE S SRR E .

N/t SRR EIE . AT SRR X422 (mutable)
AN . B, XA &R ) A AR N {E Y 1

incRef :: IORef Int —> 10 ()
incRef var = do { val <- readlORef var
- writelORef var (val+l) }

incRef var & —PEE. B 5LPHUT readlORef var K3 EA & var FIE, JIF
Bz B E R val; 825 E T writeIORef ¥4 val+1 593 var B .readIORef
Fl writeIORef ISR

readlORef :: IORef a —> 10 a
writeIORef :: IORef a —> a —> 10 ()

KA T0Ref t FIMEA ST —ANFREFEE T, M EgI H—A t A 1 n] 234
CELT C BRI t%) o HAKZR] incRef, HZHEM K T0Ref Int, A incRef
A Int AR E,

B, AT CZ A T A A5 5O MR 25— M I—— (3 1
SR AT A S ELE VR ? 76 Haskel 1 ', AR 9AE — 1 10 3h1E,
ZiM main. BEEAFIXAFT, BATHFHAT main. Bl F 0L st
2

main :: 10 ()
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main = do { hPutStr stdout “Hello”
- hPutStr stdout ” world\n” }

REF DT (sequential) FEFF, B4 do BB PN 10 hAE 4 1% %
TSk, Sy, BRI R RS, AT T B AN EE (primitive) :
forkIO:

forkIO :: 10 a —> 10 Threadld

forkIO0 s& Haskell PR BREL, ERIZEUE—A 10 3h1E, forkI0 Bt =i
R — AN Haskel 1 ZeFERPATIXA 10 BfE. — HIXAHEfEg v,
Haskell [REEATI RG24 e 5 HAth Haskel 1 2R AT HAT - B A0 5 TRAT T
HUTHI ) main BREEER

YRS, main (I ATRAIATTLLG R “tid < forkI0(hPutStr =) ” (¥, XATHEAILIE forkI0 [11iR[H]
fE (A Threadld) Z8E ] tid. KRiMd TAGIHRADEAMATRPNF Threadld, PrELHIE “tid <7 &
T

main :: 10 ()
main = do { forkIO (hPutStr stdout “Hello”)
- hPutStr stdout ” world\n” }

U, XA hPutStr 3AEMERES TR APAT T =TI E3AT O se3T I
R FRHRD) WA —ER . Haskell BT forkI0 /= Hisk 22 IFH
BRI R LA FIAAL, Pl ARy Bt 4 BT &b
SEAIEH .

BLRNXE, R RES TS Haskel 1 SEFEAR 1] SORF SOMMUMIE T, incRef [F) =
ATACHS UL ZF T afl 7 C ORI — A x++1fi 2! %k, 7 Haskell HU, S<ii@IfE
A5 AR WU HIGK . RS T, 156 Haskell & — 1B E 5w
FEES . RZHUAULHAEAE Haskell MR NI EH, BEEHER S ZEEE.
IRy . AT Haskell gufE RS st <A hist A FHsER " o

FORBATEZ R, AR 7= 75 WY s 1 R e Ak e A e 15 4V 22 A T RS
Ko R8N IR A BRI AL

f :: Int => Int
g :: Int —> 10 Int

RS EBERAE ] L —HR A, £ —Aaimd, LRIER. e — M
EMEC (42>, HARUOIERA (f 42) MR BIREIER. A1
BZ b, g st EARNEN T —& — mW A A SR e g 2R . X g A
IR, SIS, We B G2IANR M, D, tendt, enl Bodid
stdin BERCEE, o060 — Sl AR AT IS . JEIRIRS AL, 2R k2 B Al
PE I AGE LS AR AT H
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e, ATHERBIFFTESIE (action, b 1/0 sh1E) HSEA G214 (Haskell
B E W2 — AR « BT LA AE A S E s s AE AR [FME R [A] . bl
NI e AN SRR Haskell BiG GiidER @R AL (FRIABETD) for FHIAT R
.

nTimes :: Int —> I0 () —> 10 ()
nTimes 0 do this = return ()
nTimes n do this = do { do this; nTimes (n-1) do this }

X —AIHE S, AR Int, BRBEIEHREZ /DR, H A2
e —AEME (action) : do_this; ZEREURI—ANBIE, J5EBAT IR
248 do_this EEAM n i, L FHXBACISAIH nTimes KFE R ¥ 10 4>
“Hello” :

main = nTimes 10 (hPutStr stdout “Hello\n”)
XIS WARCR Bt &5 AT R P B e R I I g5 T

ihvimlske, AR HIFAZES Haskel 1 YE—AN2TH BN, 1 H RPAE 2% T
Haskell B ¥y @/E B EAT T SRS i o W RARARE—20 T RIS, nf A=
B —i535F “Tackling the awkward squad” ™.

" Simon Peyton Jones, “Tackling the awkward squad: monadic input/output, concurrency, exceptions,
and foreign—language calls in Haskell,” C. A. R. Hoare, M. Broy, and R. Steinbrueggen, editors,
Engineering theories of software construction, Marktoberdorf Summer School 2000, NATO ASI Series,

pp. 47 -96, I0S Press, 2001.

24.2.2 Haskell H{)HE%
OK, £&Fnf LURIBIFRATNY transfer LT . HAVRSWIF:

transfer :: Account —> Account —> Int —> I0 ()
— Transfer ’amount’ from account ' from to account ’to’
transfer from to amount
= atomically (do { deposit to amount
: withdraw from amount })

LI FBAS do BRI AZANTEAF B 2L T8 ‘& 26 2 ) deposit ¥ amount ¥ H 1)
BAr N to P, ARJE AN from M P 32 amount £ H (k. 2T deposit
withdraw X AMFEN R AL FRA I kS, IAETRATT5E KRB B XS atomical ly [
WH . atomically S EUE—AahE, ©BZIMEEN—ADNRTRHMIT. B
FEifihit, atomically 540 F AN MEAEARAILE -

Js -k
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atomically act W JH T =M EIE DG T HAbZe R R B “ 17 .
KHUORIUE T 55— N EREAN i RERLGE BB AN ™ A I it [7) I 3¢
KRG BAFN T I R R PR o

b = Ak

1 atomically act BUTIHILFET, act XAFE S H LR e A W4,
TR, SXRIHEAE act FFUEPIT IR S T, B3] act JUT52
L A T U AT

2T atomically BREFIMATERY, SRR PIMEEE: AE—ME—12 R8T
atomically act H5EIRPUZEL, RIGPATINE act, SaRERBOZE. XL
RORIE T IR 7, (B ERHhAE B T AT R A IR 1B ) — s TR A T

T XA DA e S, R RUERE M LE AR AR
AT AR R Ui ) 7 —A T0Ref (REBZERERFE 2RB0D , A2k
FEEIN BERE AT LU 30 A —A> TORef BEATH#4F CLAELXANGHAEAAE Jit 7B,
WD o XHUBOA TR PEORIE. 25, BRI T AT TERE, DG RIAERAS
J PP [ B AT, W25 AT AT

BB RAE CHGE WAL R TETHE . HATORE SR A
F AN ] DB R R G Dy il v o AT TR atomical ly pREUW T 40 N 2K

atomically :: STM a —> 10 a

atomically IZEUE—ANEAN STM a IBI1E. STM BIESRMLIT 10 3hfE, ‘&A1)
ST e BT EIER, (H STM Zh e 1 BIE P 1 AV TG B /N E 22 . STM Fh ARl LA
(R E RS AR (ALY TVar &) HHMTIS, sURIAICE 10 BhE R
[ 2% TORef HEATHS —HE",

MR JLHSEH AN A LIRS STM AR fr 44 TVar, SRT M A8 B 3% iy 44 4 TORef—— LSz 3E
AN TVar/I0Var, B4 N i%4& TRef/I0Ref A%, (HIERWNA CLEBIERK T .

readTVar :: TVar a —> STM a
writeTVar :: TVar a —> a —> STM ()

BR 10 ZhE—#E, STM Zh/Etn] LU do Bl &idok, ZPr b, do HREFXT ST™M B1E
AT T, return )2, XFEEAME R LLE T STM A1 10 PiFhshfE 71, 4
an, T2 withdraw P40

S Haskel 1 JFACARF IR TO A STM B 1K AL do Al return, 10 Al STM IS JUR — AT — B IR
IR, XA T — A AR A0 2 BT B 1Y monad (P. L. Wadler fF “The essence of functional programming”
20th ACM Symposium on Principles of Programming Languages [POPL ’92], Albuquerque, pp. 1 - 14,
ACM, January 1992 FHHEIA) , do Ml return M H(H Ll id H Haskell AUAERVZALAT “IERI”
(type—class) FRZiKFEIA monad MifHLASEHLK (described in P. L. Wadler and S. Blott, “How to make
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ad-hoc polymorphism less ad hoc,” Proc 16th ACM Symposium on Principles of Programming Languages,
Austin, Texas, ACM, January 1989; and Simon Peyton Jones, Mark Jones, and Erik Meijer, “Type
classes: an exploration of the design space,” J. Launch-bury, editor, Haskell workshop, Amsterdam,
1997)

type Account = TVar Int

withdraw :: Account -> Int —> STM ()
withdraw acc amount
= do { bal <~ readIVar acc
: writeTVar acc (bal — amount) }

FAIH—DEE A Int TR RID FFLRREKEL R K. withdraw
A SIMBIAE, Rk AR AP E amount.

N T 58K transfer FE X, A0l LLUE L withdraw K& X deposit:

deposit :: Account —> Int —> STM ()
deposit acc amount = withdraw acc (- amount)

TER, transfer MIRAS EPAT T PUANFEAT R G AR X to K™ 19— AT —
K55 AR from W™ (R — R EEAT—IRG o X DU 7 okh
i, HPATH AT C DRI BATIKT D I SRR,

Haskell [FJZRBY R GECHEHLPH I E T FRATIAE S 55 2 AN TVar o 1 Al v FRAT TIXAF
5.

bad :: Account -> 10 ()
bad acc = do { hPutStr stdout “Withdrawing...”
- withdraw acc 10 }

DL FACRSANBEIA N 415, Aok hPutStr & —> 10 3h4E, 1 withdraw )2 —4
STM BIME, XM AREIIAE A —> do o (HUTRIRATIHE wi thdraw FFJHAE—A
atomically WH st BL T, Wik

good :: Account —> 10 ()
good acc = do { hPutStr stdout “Withdrawing...”
: atomically (withdraw acc 10) }

24.2.3 BHEWFELU

AT R 20 ) SRR A PRI, FATIILSEASE AT DUBCCME ] ST T ANid
HH ﬁ%iﬁ*/\AﬁE’b@ﬁ' R o 28 T PR AN RAR IR 35 Bly, AT kA
XA AP . (HERERRE, RFEPTT Al RSB 1) —Fle STM il 5%
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(K — MRS AT R M T — AN TR L, i SEILX AN L a) DA 2
PTG wlfRj R 0%

TERATISE IR TT S, A7 RGN, ISRt A0 At 2 5 0 A R HH 1
BT “SRWFAT (optimistic execution) ” o 24 atomically act #EFUATHI
N, Haskell IBATH RGN E B MEERBEAMPIHS HE, ZHEREYIN
g2 2 1, BEE act SMEY— 0 2HAT CLIRFEANERIE 8D , BRI
writeTVar (I #SK H bR TVar B FHEERCIHE S A HE; mIEA R HE
HNFNIEA TVar A5 A & . £ readTVar (I FH# 2 & 2% 546 H & B %
AR NIHHE, B RWEA MRS TVar ARS8, JF B, ZEseBUe
%, — 8 WaSwEAENBIHEF . FJ—8, 5N peirsiTEae
H OB, RUERL S AR —4 TVar A5,

7F act XNEMERAT SRR Z )G, BITN RS e et HEIMTRAER, a1 501E %
I, MERAC (commit) Hi&. IBARIEREEAVATIINE? BT RESK A H
EHEHELEMIA readTVar [EE B 5 AN BN EIER TVar AHVCEC . & 1558
AR, IR H & A7 1S B E S5 A ERHE AT BIAH NP TVar A8 I,

DATEERE, DL ERAE-RAS A R e AT 0 HI: JR)Z Sl K
Wrak b, ol B1E CAS (compare—and-swap) #§4 ST AT )5 VAR B R
AR T AR SRR U iR « —Wrm) 7 . El T A IXER)R L
TEAR SEBR S, BT EARE R DA IO B AN 25 R e A 58 I o

—/NE BRI A EE . WERIGUE R E ? Wi RIS uk 2R M, AR %3 55 E 211
A NAME . TRIFFLEH P IE (abort) , HEMFE WG, AR5
MM FR . XA TR E AT (re—execution) o HTUERT act
BT B E AR IC A BIESRAS BINAET,  PUE AT B A 58 i 1) i

1o ARTAH — S IER: act AR EFATMIER T X TVar AP35 2 AMHEI1E
L LR i IX Rhig -

atomically (do { x <~ readTVar xv
.y <- readTVar yv

: 1f x>y then launchMissiles

else return () })

launchMissiles:: 10 () XANREMWANER 2 “kw. o, Xik” o BT IXA
R ERPAT IR i FF A e, B LAan SR Rl A HAR S R AR B U & xv AT yv
[P, AR ] e R B A — BN N AEAR I T — HOX PGl A A, R o
(launchMissiles) RJHtE T KA T, BROASER] S HOR N 58 T A K ILLIE J WU
CAKAKT o ALEIBM 2, Haskell 2RA R4 H1EE AR RAE 10

E (LEAnIXAS launchMissiles) JAE STM shfEH$4T, Frbh, DL EARAE &4k
KRG XN — TR T8 10 Z7EER STM shAE X 20 FF K 1 44k

24.2.4 PHEMIERE
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B H AT IR FRAT TN R HMMA bz —FPae ). ok R R 2 ANk
LR o IXIEDBUNIEA I RBE MR E A e FHIERTIESE . AR a0
FEHEAS[ STM 82 AT AE 2 A5 BLE P AMREE (8K, 7R 58 A AR LR R i
H) .

B 2 — N ERFR R AN P DGR LI 7 A 80 PR R IR X A 2R R (i A5 BH 2
IR G FE X GO W: 00— D AR B R — N B G v X N PR 2E 5 B8R
TESEfRF— N B R I e B 2E , 555 . ) T SCRPRI g 5t F-ATIAE ST RN retry
DiRE, retry FIZRALN:

retry :: STM a

LA 2 withdraw B — MBS IARAS,  TRRRCAS 24 R AAN AL A IS 2 e A 21 FHL
FEIRZ

limitedWithdraw :: Account —> Int —> STM ()
limitedWithdraw acc amount
= do { bal <~ readIVar acc
; if amount > 0 && amount > bal
then retry
else writeTVar acc (bal - amount) }

retry FITEREART M 29— retry WAHPAATHINAR, HFTS55 g “ E577
IFRERF A I F BB AT 2988, IX LI “ REAN I 7w DU SERN, (HIXFEA
AN R AR AT IR I K P AR R A BAT AL I IR S 1 4, 4R e
retry. RIS SIX AM, mke—HEE, HEAA HAARLRER ace
BAT T HEME GRE: SR TR RED o Ba, REHE SIS A 5E 245
acc gt FAFAFIR? AR, ROYIZFFAERNE retry IX— AT IHRAT 42 |
PR ace, MR MBS #3455 H s se se Bl sk Mok G B
DUREAEH G R “Bili— IR kg 7)) o

limitedWithdraw HR4AEA — AN HER il A A& — AN R A2 A i
A&, R LN retry. IXAMEUIR S % R AUk — N e 3L

check :: Bool —> STM ()
check True = return ()
check False = retry

R HIXAS check PRER BT £ IE 1imitedWithdraw 40 F GEANETRVE 7262 ).

limitedWithdraw :: Account —> Int —> STM ( )
limitedWithdraw acc amount
= do { bal <~ readTVar acc
- check (amount <= 0 || amount <= bal)
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- writeTVar acc (bal — amount) }

R RIEAMIZ LR (choice) o RBARAHEEM A MK FHCER, (HETHERE A Lo
AT R IR, WA A, IR B _EH A b FRATTL A SEHL LA T e
WA — SRR AT 2 retry, WRERES)— 458812, J0& STM Haskell JIAT 53—
MNEiE: orElse, RIHFFIEPE, orElse AL,

orElse :: STM a —> STM a —> STM a

R atomically M%L—+f, orElse M HUBESNE, orElse ¥/ MHBIER A Bk
KB ILTE W : (orElse al a2) F e AT al, Wik al KA T retry,
WA TEETTHAT a2, W a2 4 retry 7, IBAKEAZNME (al Fla2) G4
retry. orElse [ EAR i 5.

limitedWithdraw2 :: Account —-> Account —-> Int —> STM ()
— (limitedWithdraw2 accl acc2 amt) withdraws amt from accl,
—— 1f accl has enough money, otherwise from acc?2.
—— If neither has enough, it retries.
limitedWithdraw2 accl acc2 amt
= orElse (limitedWithdraw accl amt) (limitedWithdraw acc2 amt)

T orElse IR AR —A STM Bh4E, KL FAT 7] LLBF orElse 1A FH R &5 SR 45
F—A> orElse, WBbikE, {H0]PLSLHEREEH 1 &1L KL,

24.2.5 FEA STM #fE/ Mg
AFTEAINH T STM Haskell ZEFHIFTE RBERI S5 WAFEAE . R 24-1 22—

AWNgh s R, BIAE —NMEE: newlVar 2 H AN IEFRATIEB A L3 newTVar
RGBT TVar 2B &), T —WRINSHIIE.

#24-1  STM Haskell 3z ¥5 i< B e 1E
BAE REEA
atomically STM a —=> 10 a
retry STM a
orElse STM a —> STM a —> STM a
newIVar a —> STM (TVar a)
readTVar TVar a —> STM a
writeTVar TVar a —> a —> STM ()

24.3 EWEZ N AR
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ARATHG AR TR — NS ) TTIBAT IR STM AR Y o — AN J& S (1481 -1 2 BT 1f
[y “ Ut A" ", XA MR A Trono #EH ™

" My choice was influenced by the fact that I am writing these words on December 22.

™ 7. A. Trono, ”“A new exercise in concurrency,” SIGCSE Bulletin, Vol. 26, pp. 8-10, 1994

[ R IR S IXRE I e EWEE N B AERESE, BRI OSBRI JUkIIE
PR kMR, s b i) A NEA R AR =AY ) M. a4
YN EE R, AT IEA 1 BT R TR 4 NITAATEALY), [BIKZ )5 P TT
Y OBUED o AR 4L (=AY ANEANMEER, kX = NEAN—
A RE A oy, AR A BCE i, SRR R AR AU & (A kARAT] ]
RARELTAE) o WORABERAT — 4l NEN AT BRI AESEAR MU, St T
PLICIELEYINE

A — N AT A RN A9 5 R U A SR AE — e H AR 5 D& T fB IR 4F 1)
fEPTTRE T, PRI RE R B 1 5 BN 10 U7 SRR A TE 5 B 107 Rk
T—H TR . (HABERZ, Trono I XA T— M T(ES BT
%, AN TT U BB 2y IEAIH s Ben—Ari ] Ada95 F1 Ada 25 H! T fift vk )5 %™ Benton
A Polyphonic C# (P¥&yE: CHM— MR, FEIMAIET Join Calculus [FJf
RIFER) 5T —AMEhor 7™,

"I Nick Benton, “Jingle bells: Solving the Santa Claus problem in Polyphonic C#, ” Technical report,
Microsoft Research, 2003.

U Mordechai Ben—Ari, “How to solve the Santa Claus problem, ” Concurrency: Practice and Experience,

Vol. 10, No. 6, pp. 485-496, 1998.

24.3.1 BIEFMNEAN

FH STM Haskell SRARPLIXAN A, FEAF S EXFEN: SEHEE A0 B4 /NEN N
DB —A “BE” o FADNEN SN #ARE 2 AN R Sk
NS, 2R “T17 « 55— oVt 2 AN hilf T A sl /NE AT 13k
NP5, G A WA AT 1 4R 0E 2 1 o SR, 55 i T TR I/ INR AT
FFAT5 o EUEE NERHA QTR AT A — AR L, I A28 G TR AE 1 7
FIRESHHEA TN FATT CNERNSIIRE 52l TAE. Wi, ANEeYEie
FENBRN, AT EAESEAC AN TCRRIEIR : R I AR —E X EE NIEE T
L )7 ——S e BN CELan A & LR —— PR B I B

i Haskell SKfifiid Liki®4E, FAMEARILR MR GRREX/NEARD

AR el 1 TUANKE 1, SRR A B R, ks B ANBEAS AW E R AR, R
1453 T elf1 k58 X elf,

elfl :: Group —> Int —> 10 ()
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elfl group elf id = do { (in gate, out gate) <- joinGroup group
; passGate in gate
; meetInStudy elf id
: passGate out gate }

elfl FIZEE— “BE” (Group) VAN — Int, EEMEFRRZNENT Y
£r o IXAS Int HAEF meetInStudy [FIEH{EF 2, meetInStudy fijfpihFT EIH —
?f/ﬁ“J§§HHIE%E2i§5373§FEHM

MoutStr & —MERE, T4 hPutStr stdout.

meetInStudy :: Int —> 10 ()
meetInStudy id = putStr (“E1f 7 ++ show id ++ ” meeting in the

study\n”)
INENIAH joinGroup IIAME, ARG H] passGate KRG LT, XA BRELWIT :

joinGroup :: Group —> 10 (Gate, Gate)
passGate :: Gate —> I0 ()

PURATHIAH JLF- 58 4, M 19 Dt Y AL 55 X AL i AN 2 2E 45 55

i

deliverToys :: Int —> 10 ()
deliverToys id = putStr ("Reindeer ” ++ show id ++ ” delivering

toys\n”)

H1F 10 SRR (E, BT AR n] U YA INE AT Z Sl & i — A a3t
Rk, Wk

helperl :: Group —> I0 () —> 10 ()
helperl group do task = do { (in _gate, out gate) <- joinGroup
group
; passGate in gate
; do_task
: passGate out gate }

helperl BB AN HUE—A 10 3k, RERLAHFHATHMES . helperl Hi5EH XA
B4 TAEMAS passGate WA Z BIHAT . A TXAHB KL, AT LT &
Kesg SUNENF I RER LT -

elfl, reindeerl :: Group —> Int —> 10 ()
elfl gp id = helperl gp (meetInStudy id)
reindeerl gp id = helperl gp (deliverToys id)



www . china-pub.com

§ zaumn SUEBRLE—EED B 52 B DB 72

24.3.2 [JFEE
JERE “TT7 MG, 717 SR N

newGate ;. Int —> STM Gate
passGate :: Gate —> 10 ()
operateGate :: Gate —> 10 ()

FEAT TR AN 2 PR BR no IXAN n RLERATHT A T I BHERR 2 1. LAk ik
H—MRIRFVFEn, X2E— A5 (nutable) A% H. passGate #ifH 1IHS
i, miiem—. WMRFREFEFRBMEE, AN passGate 18 H 2 FH 2
AN I B R I I T R AN 0, BRI A NAEANREREN o 1Tl 25 4E
Z NNE IS operateGate SKFT FFIX ], operateGate 23K [ T HIFI R AV
BN n.

NIHERZT] (Gate) WJ— ] HESZIN .
data Gate = MkGate Int (TVar Int)

newGate :: Int —> STM Gate
newGate n = do { tv <~ newTVar 0; return (MkGate n tv) }

passGate :: Gate —> 10 ()
passGate (MkGate n tv)
= atomically (do { n left <- readTVar tv
: check (n left > 0)
- writeTVar tv (n left-1) })

operateGate :: Gate —> 10 ()
operateGate (MkGate n tv)
= do { atomically (writeTVar tv n)
. atomically (do { n left <- readTVar tv
: check (n left == 0) }) }

HEATRRRAEY, A Gate I —ASHEHERA, JERA MR E 1Y
MkGate”, ZMIE AN : —A Int BUEHE, Rl IMAER. 55—
= War, FR{ENTRMZETET 20 AL E. Wi TVar 24 0, 5t
KT TRERAIM .

"Haskell " ARIEHIAG C RIHILHIAED], MiGate HUE—ANE5HY tag.

PRI newGate T GIEE—/NBI ], B AE & EE—A TVar, SR G L H MkGate
XA TR B Gate X5 . LM 1, passGate F) AL TEHCAKS MkGate
i 770 sk GFE: B (MkGate n tv) ) , SR J5 passGate ¥ Tvar [RI{EIL—,
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JERIA check KAfiff tv> 0o BITH “PHIEFIERE” —T5FRATSEZIL withdraw (¥}
figeth H 23 XA checks fJi /& operateGate FI%L, operateGate ¥ 1711 K%
FRAES AN Tvar, FEEAF Tvar #5084 0,

B (Group) HIELIWIF:

newGroup :: Int => 10 Group
joinGroup :: Group —> 10 (Gate, Gate)
awaitGroup :: Group —> STM (Gate, Gate)

PRI, BERI G R R R 21, IR — AR e R . NEAATAS
PLEIE A joinGroup RIIAME, W R A joinGroup B PHEE . T 5t
Z NI awaitGroup KRERFREMOINGG; #EW T 25, XlE2 Asiaim

awaitGroup (IR [FEL1F B Z AT R PG B 11, AR BT B4 FH 95 Bt 38 1 EE 39 )
Uhtk, Gk —HE S NENITFESES

T /& newGroup AN R] BE)SZIL -

data Group = MkGroup Int (TVar (Int, Gate, Gate))

newGroup n = atomically (do { gl <- newGate n; g2 <- newGate n
- tv <~ newlVar (n, gl, g2)
- return (MkGroup n tv) })

[, Group & — AN 7 B £ dis 28 28, oA 1 MkGroup A PN B4 : 1% Group
FIPR B L. —A™ TVar, a8 8 1% Group IR T LA LL LS Gate X5, 4
HE—ANF Group Xf%: (newGroup) , JCEGIEMNA Gate X% (gl, g2) , IF
YIEA—AN 1 TVar (tv) , SRJE VR Group H#i& 1 MkGroup.

1M joinGroup Al awaitGroup FEAH A& 3 T b 1H] KT L Fs 4 F SR ST -

joinGroup (MkGroup n tv)
= atomically (do { (n left, gl, g2) <- readIVar tv
: check (n left > 0)
- writeTVar tv (n left-1, gl, g2)
. return (gl,g2) })

awaitGroup (MkGroup n tv)
=do { (n left, gl, g2) <~ readTVar tv
: check (n left == 0)
. new gl <- newGate n; new g2 <- newGate n
- writeTVar tv (n, new gl, new g2)
. return (gl, g2) }
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R, awaitGroup fEH HI WAL Group X% I 2B AN Gate X% . XA
PR T 22802 NAET 5 BAHS I, —ANEriE ] LRI AL TAE s 2 vhy A
Gate X GG, HRE I/ INE AT 0] B8 S5 1H T A 47 I8 R [ B Lo SR AK 5 B HY 2
(1],

[1] B IHEEW T, HH joinGroup TR P14 ZBE A EEAS/NEA PR, 1=K
WEZ NV awaitGroup Bl S UOUELRIRE O, T2 1T, IR REA J o
B AEER, BEL AT PR T T2 ORI B, XN, M — 4/ NENI
H joinGroup [P i 75 21 1R [FHEATS AR I 2 A PR Bt T, T2 B vh 1) /N A AR
IHEEH R ANEAATE S R0, WS CEEZETTRD B A NEAAE
MEs T CLLInZEREM A FHSE 7O, (SO B/ NEASEL S T—3FF
i

[l — RIXTT, PRAIRESVFE R R, AL T ERE 2 10 R (e
newGroup fl joinGroup), 1M LEN]5E STM A CEL Ul newGate Fll awaitGroup).
WA AT AIXABEE? 5 newGroup KU, newGroup A~ 10 BUK#RAE,
Wl & B FRAT T TCIEAE STM B AE i F B« 15 52Br B3 newGroup Uk 10 4 H &
h T IR FAT] LU newGroup & LK) atomically i i), XFE
newGroup {8 1 STM M) T, (HIX A —KAEHK I newGroup I AT I H AR
T E T AL atomically 2% T (atomically(newGroup n)) o Mi—7
I, ¥ newGate M E% STM #AE MU Ab ZfEiLE M H G (composability) 5
U, HANEE AR N B R Pk 136 newGroup A TR EX AN HEYE, FrAERA K &
s T0 1, SRTM . A T-IRAELE newGroup i newGate, [KlI newGate [ A]4H
AR T, X{ELHEFE newGate 5k STM EEAERT IR A

— kUL, RN ER IR, AR AT e R SO SR A W STM. AR TT
DAFE STM HVEBAEA-SFAAR, /M STM shAERI LA GE S do {+++}, retry, orElse)
ZH AR A BT STM 8. R, — HARKGE— /N atomical 1y fuZEi ok
2, ERARR T —A 10 3fE, BERANEERIH atomical ly BRICALBN R A
KT . HI0FERAE B RS : —A 10 shERT DASATAE = . AT e 1
N/ CEbfn launchMissiles) o

[1] (2L newGroup [FSEI——FF 1)

BRI, I 28 T I 24 AT BE IR R 5% STM BhE (fiASSE 10 3h7E) , BRIk STM B
VERTTA G EANSREER I T ENIASPATA T RS WA 15—,
FE I s A v DR 7% 2 Hoks STV BI/E 36k 10 20 (AMEIN—)Z atomically
WHRTRD , HRERHAIT T .

SR, A eI & b 254d /) 10 sEF . ELil operateGate. operateGate H KA
Xt atomically (IR IGIEIF—A, BIAZE—A> atomically W HA—A4k
AL EIER (ORI, s —A> atomical Ly i HH U R5 2255 2 B A (1) /NEN
MR R I 2 T I T G A REPAT S A, AN — AR ZE. [1JRk
operateGate W2 & 10 274,
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[1IFTLL, Ai—A atomically ¥AEAAERL, Ji— atomically #{EEAT]BESE
I —— .

24.3.3 &

BT E SRR I 2Ese T ok, 1ER, AR E AN RS (santa) BEH

main = do { elf group <- newGroup 3
. sequence [ elf elf group n | n <= [1..10] ]

: rein_group <— newGroup 9
. sequence [ reindeer rein group n | n <- [1..9] ]

. forever (santa elf group rein group) }

HATAVEE T —AN KRN 3 1. 58 AT WIAH AR 2R — T . BRI T FriEm
H|FR AN (1ist comprehension) K& —41 10 3h1E, R)51HH sequence_
KMTEAATEANT. FIRNER “ el x<—xs]” 2/E “th—V) e ATk )3,
X RAVIE xs” o KIEAR] T sequence SN :

[elf elf group 1, elf elf group 2, ..., elf elf group 10]

XL IR IR A T0 SAE,  JE B AESIAT IR 208 it A VRN
Mo 1M sequence PREMNER —4H 10 EIE NS H, IR B ZE —A> 10 Bh1F,
5 R T 1R A0 242 57 2 o PR I B0 T IS R4 S 2880010 10 ™

PR “[10 a7 AR “—ANRZRED 10 a MIEHRINAIR " o SAMRATRE S AT sequence S I AT A
BN AR, HSOXE R S ANEAT A S AR R E Y sequence, XA sequence [FIZEAYI)
210 a] —> 10 [a], HIGAEZKG—HANEPATE ML RIS —A 5K D . sequence Fl sequence #iE
X AL Prelude FEF (Prelude 2848 ST

sequence :: [I0 a] —> 10 ()

elf PEUEIET el f1 G, EAMRKA. BTN el f HEHAT,
FARIAIEIR — A RIS T ) B s FLK,  SRAT AR S e e Bl R LR e AT

elf :: Group —> Int —> 10 Threadld
elf gp id = forkIO (forever (do { elfl gp id; randomDelay }))

fork10 ¥ &S (—AEE) JHE—A ) Haskell ZRFEHPHUAT CILHTTHI
[F)/NFT “Haskell HRIRTEIVE I RIEN /7 D o forkl0 [R5 5&—ANX) forever
WA ; forever, AN, ¥ —ANSMEEEPIT (— M HERLMEATY
Z RS nTimes, W, “Haskell HfEI/E RSN /St ) -
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forever :: 10 ) —> 10 ()
—— Repeatedly perform the action
forever act = do { act; forever act }

Boh, RiEN(elfl gp id) 22— 10 Zh1E, T TR & A & M B S AT,
FER AT BEHLIER — B 1)

randomDelay :: 10 ()

—— Delay for a random time between 1 and 1, 000, 000 microseconds

randomDelay = do { waitTime <- getStdRandom (randomR (1, 1000000))
. threadDelay waitTime }

TR N & ORI T o A0 9 SUIEARTEIEE 10 AN NERA T K
f%***$ﬁgz

reindeer :: Group —-> Int —> I0 Threadld
reindeer gp id = forkIO (forever (do { reindeerl gp id;
randomDelay }))

TR HE AT FI R forever JKigAT santa. N IHFA TRV it 5 —A>
i) fl——2F W2 N (Santa) FFSEH,

24.3.4 XHEE NI

S YEE N IXA ) L B T B AR (1, DA R Al S AT B o A 20055 21— 1 JEE B
—HNENAEIRLEFAB IR A R BAT B . — HARIERE 72 i I 2 /N &
NZ e AEREARATT WO . it NP T

santa :: Group —> Group —> 10 ()
santa elf gp rein gp
= do { putStr "———— \n”
(task, (in gate, out gate))
<{- atomically (orElse
(chooseGroup rein gp “deliver toys”)
(chooseGroup elf gp “meet in my study”))

- putStr (“Ho! Ho! Ho! let’s ” ++ task ++ “\n”)
. operateGate in gate

— Now the helpers do their task
. operateGate out gate }

where
chooseGroup :: Group —> String —> STM (String, (Gate, Gate))
chooseGroup gp task = do { gates <- awaitGroup gp
. return (task, gates) }
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S NHEATIE B B AE IR orElse o orElse Bt iR BRI (9
JEOLSE) 5 W RA WS I kR NEN . chooseGroup 23X AH N [ HE U
awaitGroup, JFIR[PA[—/XHH (pair) “(task, gates)” , H task &2—PF
e, ACREFPATHIES ( “deliver toys” BY “meet inmy study” ) , gates
A 5 S — AN, S R, U Nl I AR 3K B 1Tkt A —
FENBRNBINE AT S5 . — BAEGIEFNEN Z M RIE e T, St NE
FTENH — W R R e AT AR S, FFIRIKERYL (operateGate) M.

S AR R B AR BRI, (AAGREBALRES 75— A58, XA E
Ho— b, DU B2 AR R T MR A — e O
T SEHEZ N AE R T H G AR TGRSR, JPIRIEIE I A R AT —
M AFS . AR NZ AR B SRR, I
I B e, AREEE IR ARG N e R, X L SR AR
Xt INR NS G JEEHE A FE I ——PIR G L N S 2 N ARFF4T B — 3 BT
SR B 1] o RS /N N (1 T2 AT S JEE PR 0 22 3 AR K Pk A i R £
AT T — AR INE R A M R AR ROR B LR T /MR NIE
AN, FFARYE LRI RE TR e ot A s (H - HIE SR B2 7,
PR FIFEIE AN T o 1 N A IR RS 5

santa :: Group —> Group —> 10 ()
santa elf gp rein gp
= do { putStr "———— \n”
. choose [(awaitGroup rein gp, run “deliver toys”),
(awaitGroup elf gp, run “meet in my study”)] |
where
run :: String —> (Gate, Gate) —> 10 ()
run task (in gate, out gate)
= do { putStr (“Ho! Ho! Ho! let’s ” ++ task ++ “\n”)
; operateGate in gate
: operateGate out gate }

choose PREUHG — “PREGMS” —FF: B 40l (pairs) , Z5EF|HA
SRS — N IeE AL “HK” T, [HHATIHE ANt . K choose Y
ﬁ[rl;‘[zl]:

U Haskell o, 2870 [op) R — AN ICHEEALN ty (5)F A choose ZHCh — M HAHE((2r,
ty2)) WEIFIER: HARHERE — AT RIRA N ST a, 5 AN CHERNZE—REL B a->100) .

choose :: [(SIM a, a—> 10 ()] —> 10 ()

NIAPER] “ PR mr4 7 WILLmT, IXELA “PRES” Bl B sE— ook, B—A
STM i, RMPIZEMA a; XA SIMBE “Hilr 77 AR retry) 25,
choose { A LURF LR I AR 45 0HB 28 — AN ugs, U8R, e Laie— k4,
HEZ— a R SE THE T UL EIXEE Y J5 BRI T2 santa RS N 1% 2
TN HE T o santa F|H awaitGroup KZEFRF—NHEHE S I ; choose Z #| awaitGroup
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AR PR Bt 112 JE AR AT A4S run BRER, 5 8 KRR X P st [ ] ——
operatorGate &xHFLZE, EHBIPTA/NEN (B M2 FAXRM,

choose HAUHY AR RS HAT, (HEEIE TR B e 215 2 mUini i (9 -

choose :: [(STM a, a -> 10 ())] —=> 10 ()
choose choices = do { act <- atomically (foldrl orElse actions)
;. act |
where
actions :: [STM (I0 ( ))]
actions = [ do { val <= guard; return (rhs val) }
| (guard, rhs) <~ choices ]

B ek E actions,actions & — MR, BN JCEA 4 SIMBI1E . choose
¥ actions Fl orElse ] foldrl 455K (foldrl orElse [x1, -+, xn]H45
HJ& x1 orElse x2 orElse x3 +++ orElse xn) . X¥& STM ZhfE (R actions %
RETICED B IR E—A 10 Z0E (LA STM(I0( ) IXANKAD

Ja WS — Bk 2 Ja EA s . choose B AGTE&ABIEZ AE—IX

JRFERE, BUAFRIEIHERENE (act, REH T0C ) , RJFHATIZEIME. M

HZR actions MMM i SR e ? 2 58 48 L4 choices A3 LT 1) R4 xf
8 (guard, rhs), iz47T guard (— STMZIE) , FFf guard B [FHEAE S5
4y rhs, FFREEFHAT SRR,

24.3.4 GFHIBITIEFP

LUEERRXAI T A i fiis. 2afre, HSERPIT L EJLAS import
e IR

WA AT LAZEIX L R 25 3: http://research. microsoft. com/ simonp j/papers/stm/Santa. hs. gz

module Main where
import Control. Concurrent. STM
import Control. Concurrent
import System. Random

{§i ] GHC (Glasgow Haskell Compiler) ZwiZftad™.

IGHC 2RI, 7EIXM TR http://haskell. org/ghc.,

$ ghc Santa.hs -package stm —o santa
WURIET:

$ ./santa
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Ho! Ho! Ho! let’s deliver toys
Reindeer 8 delivering toys

Reindeer 7 delivering toys
Reindeer 6 delivering toys
Reindeer 5 delivering toys
Reindeer 4 delivering toys
Reindeer 3 delivering toys
Reindeer 2 delivering toys
Reindeer 1 delivering toys
Reindeer 9 delivering toys

Ho! Ho! Ho! let’s meet in my study
Elf 3 meeting in the study

Elf 2 meeting in the study

Elf 1 meeting in the study

...and so on...

24.4 Xt Haskell gfj—45 5

Haskell H5G/e—TRBG AT =, (HEIEAFE R A RSy &
X o WARAE Haskell 28— T 1 E RGO, MK, ©RAA
AN R IR -

o HME CHEWERD M CERIETD ™% X 73 IT K.
o EFIGREAERIE. AT LA A 24 AR B TRAE SR A 555
PIATIX L A AN 2 ok AT (1]

[1] (RIS R BT —— &

AR 55— 28, AT ME T LUAS B T~ & ok e SON AT ORI i 4l 4y, oA
TR TR E U E SR . B, nTimes it — A HLIY for IS,
o MINIASEEN 1 choose WIS T — Rl LIFRZ O “IriG a2 (EIRE. ik
MR P POE A V2 AN ] o 7E main p#CH, AT Haskell 5
MRIE S (BIRWEED AT 51, R HEAIH sequence RAKIXINATIX
SEZME . [FRE, HTIIAEE X helperl I, ATt 2R M —VEm: JATA
YRR RIS T A aAE, TR TT TACRS AR . AR, SEUEE A S
PASEA A Z , S1H] Haskell HX L858 KGR BE 107 A R3S HI 21 )
(R, Ak —okax BEUER R T B Haskel 1 IOPR AT, R0 F K AURE 3 K 1L,
ANEIEEN, X —PERTE R 2 AL,

Ak, Haskell AR R AL SCHRIFBATIRE], b B, MR, %X
PR, 23, KA (type class) F555, DUNASCIGEREIF A . Haskell
FEFPARD A ARA SR IR 730 “ 2307 1 L WERAR TR SE 2 Haskel 1 IR,
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AT LAVT ) http://haskell. org, L5, f5m. dikas. B, FE. HRHE
HIR VT 2 HAR TR

24.5 5

ARSCI A2 H R RS, T STM Haskell %5 HE (19 51 A R 7 AR A - HE A
PSRN BT 25 A F AR 5 R D AR PP IR L BE A o AN i R E B — 2
FE WAL A58 Attt G 1 5 T BRI I AR PRl Rf A Sk 2 gl il (L
CEBBIB —Y) o P IXLE N 7R STM Haskell HOE W R AL T o Haskell
MR R G B IEARLE SR T I AMES A TVar, 1 H, WA FAEEXT R
SUAT LB, DR s 2 MG BBt ) il R AN R AEAE T . Ak ST
AT HABLF AL, ERXHER TR IERE AT T CRRA A BT DL S A
IR IX L N D
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